The adhesion of the solids presents in food can difficult the process of surface cleaning and promotes the bacterial adhesion process and can trigger health problems. In our study, we used UHT whole milk, chocolate based milk and infant formula to evaluate the adhesion of Enterobacter sakazakii on stainless steel coupons, and we determine the work of adhesion by measuring the contact angle as well as measured the interfacial tension of the samples. In addition we evaluated the hydrophobicity of stainless steel after pre-conditioning with milk samples mentioned. E. sakazakii was able to adhere to stainless steel in large numbers in the presence of dairy products. The chocolate based milk obtained the lower contact angle with stainless steel surface, higher interfacial tension and consequently higher adhesion work. It was verified a tendency of decreasing the interfacial tension as a function of the increasing of protein content. The preconditioning of the stainless steel coupons with milk samples changed the hydrophobic characteristics of the surfaces and became them hydrophilic. Therefore, variations in the composition of the milk products affect parameters important that can influence the procedure of hygiene in surface used in food industry.
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Adhesion of dairy products conditions hygienic-sanitary, the evolution of the adhesion process is favored (2) .
The increased resistance of these sessile organisms by disinfectants and sanitizing agents often exacerbates the problems caused by microbial fouling and can contribute to the inefficacy of cleaning in place systems (4) .
Enterobacter sakazakii is an emergent pathogenic The milk compounds can influence the value of surface tension such as the surfactants agents present: proteins and free fatty acids that provoke decrease on milk surface tension. On the other hand, the soluble constituents: lactose and most salts are believed to increase the surface tension of the milk. In addition, the increasing in the fat content seems to have an interesting effect on the surface tension.
This study aimed to measure and compare the work of adhesion of different milk products on stainless steel surface using contact angle and surface tension. In addition, we also estimated the number of the adhered cells of E. sakazakii in conditioned stainless steel surfaces. 
MATERIALS AND METHODS

Food sample preparation
where V D is the volume used for rinsing (mL); V A is the volume used for the aliquot plated (mL); M is the average colony number after incubation on plate (CFU); D is the decimal dilution; A is the area of the test coupon (cm 2 ).
Work of adhesion
The work of adhesion (W a ) in mN/m units was calculated using a combination of the Young and Dupré Equations (9).
This was accomplished by substituting Equation (2) into Equation (3). The work of adhesion allowed to estimate the influence of the liquid portion of the samples to the force required to separate the milk products from the stainless steel surfaces.
and this yields:
where L  is the liquid-liquid energy (surface tension) and  is the contact angle at the solid-liquid interface. The data for the surface tension were obtained from the pendant drop experiments. The data for the solid-liquid interface were obtained from the contact angle measurements.
Determination of the interfacial tension ( L  ):
The interfacial tension for the UHT whole milk, chocolate based milk and infant formulation was determined by the Pedant Drop Method (12) using a goniometer (Kruss, Germany).
Measurement of contact angle:
The contact angle between UHT whole milk, chocolate based milk, infant formulation and the stainless steel surface was determinate using the Goniometer (Kruss Germany) equipment at room temperature. The angle contact and interfacial tension values were applied on Equation 2 e 3 to calculate the work of the adhesion.
Pre-conditioning of the surface
The stainless steel coupons were immersed in UHT whole milk, chocolate based milk, infant formulation, ultrapure water (control) for 24 h at 25 °C. After this period, they were dried at room temperature and used to measurement the hydrophobicity. The objective of such conditioning was left the surface with food waste. The free energy of interaction (hydrophobicity) of the coupons pre-conditioned with milk samples was determined using the contact angle between the stainless steel surfaces and water (Mili-Q), formamide (LGC Bio, Brazil) and α-bromonaphtalene (MERCK, Brazil). Measurements of the Adhesion of dairy products contact angle (º) of one 2.0 µl drop were taken each second, for 30 s for the three liquids at room temperature.
Determination of the total interfacial tension (γ s tot ):
The total interfacial tension was determined by the sum of the apolar and polar components of interfacial tension (Equation The three components of the interfacial tension of the surfaces were determined from the contact angles obtained from three liquids with different polarities, whose interfacial tensions are known, as shown in Table 1 . 
Analysis of results
The experiment was analyzed by a completely randomized design with three repetitions. A significance level of 5 % was used for Tukey's test, using Statistical Analysis System (SAS) version 9.1.
RESULTS AND DISCUSSION
The number of cells adhered in stainless steel after incubation with UHT whole milk, chocolate based milk, infant formulation and nutrient broth differed (p>0.05) being higher for UHT whole milk, chocolate based milk and infant formulation than nutrient broth (Table 2 ). Such results demonstrate that E. sakazakii was able to adhere to stainless steel in large numbers in the presence of dairy products, which is cause for concern because of the severity of this microorganism. The number of cells adhered to the stainless steel coupons after incubation with UHT whole milk and chocolate based milk was almost two log cycles higher than that occurred when coupons were incubated with nutrient broth.
It is important to emphasize that studies have been directed toward the understanding and control of events leading Adhesion of dairy products to the microbial colonization of surfaces. The adhesion of bacteria to a surface depends on various microbiological, physical, and chemical factors of the cell surface and physicochemical properties related to the food processing surface (10). of a liquid on a solid surface, the stronger the attraction and greater the forces required to separate these surfaces.
In the dairy industry, the work of adhesion of milk constituents on surfaces processing can influence the hygienic procedure. Another important factor is the surface conditioning, which can be a contamination source to the food.
If there is the presence of the fissures and grooves in the stainless steel surface, the higher interaction between liquid and surface promotes the entrance of the food residues, such as protein, fat, sugars in the flaws of the surface that difficult the efficiency of cleaning process. In this flaw can accumulate bacteria that in turn can initiate an adhesion process (2). 
